Data from 528 male and 645 female progeny of 63 sires were used to estimate genetic correlations between female and male reproductive traits. Data were from two Hereford herds involved in a long-term selection program of the North Carolina Agricultural Experiment Service. Testicular measurements of circumference, diameter, length and volume were obtained on bulls at 205 and 365 d. Testicular growth measures were defined as differences between 205-and 365-d measurements. Heifers were placed in the breeding herd as yearlings and given two breeding seasons to produce a calf. Traits utilized from females were three age-at-first-breeding traits, two age-at-firstcalving traits, two pregnancy rate traits, rebreeding interval and calving interval. Genetic correlations were estimated from half-sib and from sire-daughter analyses: Seventy-five percent or more of the correlations of testicular measurements with pregnancy rates, age at first breeding and age at first calving were in the favorable direction. Average correlations were .62,--.55 and -.66, respectively. For each of the remaining female traits, approximately 50% of the correlations were favorable and the average correlations were small. Correlations were summarized by testicular measurement with favorable correlations given a negative sign. Testicular diameter had more favorable correlations (80%) than length, volume or circumference (70%). However, average correlations were similar (--.31, --.30, --.34 and -.26, respectively 
Introduction
Reproductive efficiency of mammalian populations has many components. Knowledge of genetic parameters for the components is essential to make effective management decisions for genetic improvement of reproductive efficiency.
Several studies have reported that female reproductive traits have low heritabilities in beef cattle (Lindley et al., 1958; Davenport et al., 1965; Dearborn et al., 1973; Bourdon and Brinks, 1982) and dairy cattle (Dunbar and Henderson; 1953; Everett et al., 1966; Janson, 1980; Philipsson, 1981) . Wilcox et al. (1957) and Milagres et al. (1979b) , however, reported moderate heritabilities of female reproductive traits.
In contrast to female reproductive traits, testicular measurements tend to be highly heritable and either favorably correlated or uncorrelated to production traits (Coulter et al., 1976; Coulter, 1980; Latimer et al., 1982; Neely et al., 1982) . Also, testicular measure-89 ments and sperm production traits are favorably correlated (Neely et al., 1982) . Land (1973) reported, in mice and sheep, a favorable relationship between testicular size in males and ovulation rate in females. He suggested that gonads in both males and females are stimulated by follicle stimulating hormone and luteinizing hormone and, therefore, it appeared logical for a correlation to exist between male and female traits. In a review, Land et al. (1979) stated that all but one reported study confirmed his earlier conclusions. Eisen and Johnson (1981) reported a realized genetic correlation of .60 between testis weight and litter size in lines of mice selected for increased litter size. With exception of the latter report, these studies made comparisons among breeds or strains. Therefore, certain useful genetic parameters could not be estimated. Furthermore, these studies were on litter-bearing species in which ovulation rate was the female trait evaluated. Brinks et al. (1978) reported a favorable genetic correlation between scrotal (testicular) circumference and age at puberty in heifers.
The objective of this study was to estimate genetic correlations between female reproductive traits and male relatives' testicular measurements in cattle.
Materials and Methods
In 1967 a selection project was initiated with Hereford cattle at the Tidewater Research Station at Plymouth, North Carolina and the Agricultural Experiment Station at Raleigh, North Carolina. Both stations maintained three lines: (1) selection for weaning weight at 205 d of age, (2) selection for gain from 205 d to 365 d of age and (3) control (randomly selected). Approximately 40 calves in each select line and 20 calves in the control line were produced each year at each station. Generally, three sires/line were used each year at both stations via artificial insemination. The breeding seasons started around April 15 and lasted approximately 90 d. Heifers were generally placed in the breeding herd as yearlings and were given two breeding seasons to produce a calf. If heifers did not produce a calf by 3 yr of age, they were considered barren. Further descriptions of the breeding management practices and measurements taken in this study can be found in Milagres et al. (1979a,b) . Descriptions, means and heritabilities of the female traits evaluated are presented in table 1. Data were collected from 645 heifers born from 1974 through 1980. These data represent the progeny performance records of 63 sires. alncludes only heifers with a breeding record as a yearling.
blncludes only heifers calving at 2 yr of age.
CInclndes only heifers with a breeding record as a yearling and producing a calf at either 2 or 3 yr of age.
dlncludes heifers with first breeding record at either 1 or 2 yr of age.
eIncludes heifers producing first calf at either 2 or 3 yr of age.
flncludes all heifers exposed for breeding.
glncludes only heifers calving at both 2 and 3 yr of age.
Testing procedures and measurements taken on the bulls were presented by Mavrogenis et al. (1978) and Neely et al. (1982) . The testicular (scrotal) measurements of circumference, length and diameter were obtained at 205 and 365 d of age. Circumference was the distance around both testes and diameter and length were measured on the right testis. Testicular growth measurements were differences between the 205-and 365-d measurements. Volume measurements were estimated by the following formula:
(diameter) 2/2 • length.
The formula assumes both testes were cylindrically shaped and symmetrical. Data were obtained on 528 bulls.
Half-Sib Analysis. Sire variances were estimated using the following model: the observed value of a given individual, the overall mean, the fixed effect of the i th herd, the fixed effect of the jth yearline combination a fixed interaction effect, the random effect of the k th sire within the jth year-line combination and the random error.
Covariances between male' progeny means and female progeny means were estimated utilizing the same model.
A path diagram representing the underlying genetic model is presented in figure 1 . The expectation of the phenotypic correlation (r~q.~ F)_ between paternal half-sib means is equal to (Wright, 1934) : Algebraic manipulation of equation (2) allows for the estimation of rgTg F.
Observed values on barren females may not exist for age at breeding and do not exist for age at calving. Therefore, Cohen's (1961) method for adjusting means and variances of censored data was used. Correlations between testicular measurements and the adjusted age traits were estimated. The correlations were not appreciably affected by use of the procedure (Toelle, 1984) . Hence, results from these analyses are not reported. hT, h F = square root of the heritabilities.
al, a 2 = standard partial regression coefficient.
PT' PT' PF = phenotype of sire, phenotypic mean of his sons, phenotypic mean:of his daughters, respectively. r = genetic correlation. gTgF rPTPF , rPT~F phenotypic correlations. The explanation of terms is the same as for Heritabilities used for testicular measurehalf-sib analyses. This assumes no maternal merits were those reported by Neely et al. effects were present. Genetic correlation (1982) . They were estimated from a subsample estimates were obtained by an algebraic manof the present data and are presented in genetic correlations (Tallis, 1959; Scheinberg, 1966) . Furthermore, formulas for standard errors have not been derived for correlations estimated in the manner of this experiment. Therefore, jackknife procedures (Efron, 1982) with known distributional properties were used to estimate standard errors for the genetic correlations. This procedure provides empirical estimates that should accurately reflect the variance of correlation estimates. Briefly, the procedure involved deleting progeny data of approximately nine sires (i.e. one year of data) from the analysis, after which genetic correlations were re-estimated. The procedure was repeated seven times, each time deleting progeny data of a different set of sires.
The variances of the genetic correlations were calculated using the following formula: V(rgTg F) = where measurements and female reproductive traits estimated from the present data using the V(rgTg F) were model of Neely et al. (1982) . Although jackknife procedures appear to be a useful method for estimating genetic parameters and their standard errors, the large number of estimates obtained in this study (216) effectively prohibited its utilization for all estimates. Further, the study attempts to establish a pattern of the correlations. Therefore, a sample of 16 correlations was utilized to demonstrate the procedure and to establish approximate standard errors.
Estimation of Standard Errors.

Results and Discussion
Half-Sib Analysis. The significance of herd, year-line and interaction effects were not of interest for this study. Discussion of main effects can be found in Milagres et al. (1979a,b) and Neely et al. (1982) .
Heritability estimates for female reproductive traits were low to moderate (table 1). The heritability of pregnancy rate (PRF2; see table 1 for abbreviations) in which barren cows were removed from the analysis was higher than pregnancy rate (PRA2) where barren cows were included. Generally, heritabilities estimated for female traits in this study tend to support studies of Wilcox et al. (1957) and Milagres et al. (1979b) . Heritabilities of testicular traits estimated in this study ( Gier and Marion (1970) suggest that change in testicular size is primarily due to increased activity of the germinal epithelium of seminiferous tubules during this stage of development. Correlation estimates between circumference growth and female reproductive traits tended to be favorable and large except for PRF2, REB2 and CA23. However, the estimates for these traits were low. Correlations of diameter and length growth with female traits were generally moderate in magnitude and favorable in sign. Also, correlations between volume growth and female reproductive traits were favorable and large except for age traits that involved only yearlings (BRA1, CAL2, BRF1). Of these traits, only age at first calving had a moderate unfavorable correlation. These correlation estimates along with the heritability estimates (table 2) suggest that selection on testicular growth measurements would be more efficient for improving female reproduction than selection for measurements made at 365 d. However, selecting for testicular growth would require obtaining two measurements.
The 16 standard errors estimated were all rather large. Standard errors estimated should give a reasonable approximation of those standard errors not estimated (table 5) .
Sire-Daughter Analysis. Presented in table 6
are the genetic correlation estimates between testicular traits at 205 d and female reproductive traits. The interval traits (INT2 and REB2) were the only female traits not favorably correlated with testicular traits. The estimates from (table 7) measured over two breeding seasons (BR12 and CA23) and pregnancy rates (PRA2 and PRF2). Also diameter, length and volume were favorably correlated with yearling age at breeding traits (BRA1, BRF1). However, all testicular measurements at 365 d were unfavorably correlated with age at first calving (CAL2) and interval traits (INT2, REB2). These results disagree with the results obtained from half-sib analyses.
Estimates of genetic correlations between testicular growth measurements and female reproductive traits have an inconsistent pattern (table 8) . Correlations with circumference growth differ in sign from correlations with other testicular growth measurements for yearling age at first breeding traits (BRA1, BRF1). Length growth correlations differ in sign from other testicular growth measurements for pregnancy rates (PRA2, PRF2) and age at first calving measured over two breeding seasons (CA23). Circumference and diameter growth have low negative correlation estimates for rebreeding interval while length and volume growth have moderate positive estimates. Again, results from sire-daughter analyses tend to disagree with results from half-sib analyses (tables 5 and 8).
Discussion
A summary of the number and percentage of favorable correlations by female trait and by testicular measurement is shown in table 9. Also shown are average correlations for each of the traits. For the pregnancy rate traits (PRA2 and PRF2) and three age traits (BRA1, BR12 and CA23), 75% or more of the correlations were favorable. The pregnancy rate traits had average correlations above .55, while average correlations for the age traits were -.32 to -.77. For the remaining four traits, approximately 50% of the correlations were favorable. Of these traits, two had low unfavorable average correlations and two had low favorable average correlations. This suggests that calving percentage and age at puberty could be improved by selecting for testicular size. However, rebreeding interval is not likely to be improved. Percentages and average correlations of testicular measurements, pooled over age and female trait are presented in table 9. All favorable correlations were given a negative sign for this calculation. Diameter had more favorable correlations (80%) with female reproduction than did the other testicular measures. Approximately 70% of the correlations involving circumference, volume and length measurements were favorable. However, the average correlations were similar for all testicular measurements.
Testicular growth measurements had a slightly higher percentage of favorable correlations (78%) with female reproductive traits than measures taken at either 205 (72%) or 365 d (72%). However, 365-d measures had a higher average correlation (-.38) than either 205-d (-.25) or growth (-.28)measurements. Furthermore, the proportion of favorable correlations and the magnitude of the average correlations appeared to be higher when estimated from half-sib data (81% and-.37, respectively) than when estimated from sire-daughter analyses (68% and -.26, respectively). b Favorable correlations were given a negative sign. Neely et al. (1982) reported that adjustments for body weight greatly reduced the heritabilities of testicular measurements at 205 d. In contrast, body weight adjustment did not appreciably affect heritabilities of 365-d testicular measurements. These results suggest that testicular size is controlled by different physiological systems at the two ages. At 205 d, testicular size is a reflection of general body size (weight). Between 205 and 365 d, the testes come under the influence of gonadotropins. Thus, by 365 d, differences in testes size are dependent more on differences in the hormone system than on differences in body weight. Pelletier et al. (1981) , in a review paper, state that plasma testosterone concentrations in cattle are low in the first months of life and increase between 6 and 12 mo of age. Furthermore, luteinizing hormone pulses are not followed by testosterone release until after 4 mo of age. Studies with zeranol implants also suggest that the testes begin to respond to gonadotropins after approximately 200 d of age (Silcox, 1984) . These results support the concept that early testicular size is a reflection of general body size, but later measurements are more influenced by the hormone system. If this is true, then growth measurements should have more favorable correlations with female reproductive traits than either 205-or 365-d measurements. Also, growth measurements were more heritable. However, the average correlations suggest that 365-d measurements would be more useful than growth or 205-d measurements. Further, 365-d measurements would be more practical than growth measurements because only one measurement would be required.
To assess the value of these correlations, two formulas are important:
and AGF. T = iThFhTrgFg T aPF,
where AGF" F and AGF. T = response to direct and indirect selection, respectively, i F and i T = selection intensity of females and males, respectively, = phenotypic standard aPF deviation of female reproductive traits and h F and h T = square roots of heritabilities.
Efficiency of selection methods is evaluated by a ratio (Q) of AGF. T to AGF. F, which would be:
If Q is greater than 1, indirect selection is more effective. Clearly selection intensity of males can be greater than that of females. Heritability estimates for male testicular traits at 365 d and growth from 205 to 365 d in general are all larger than those for female reproductive traits (table 1) . Even if the heritability of a female trait were equal to that of a male testicular trait and intensity of selection on the males was twice as great as that of the females (i T = 2iF), a favorable correlation of .5 (or -.5) between the male and female trait would lead to indirect selection being as effective as direct selection ((2--1). With a low favorable correlation between male testicular and female reproductive traits, indirect selection could still be more efficient than direct selection if the selection intensity on the male trait were large enough. Generation intervals can also be shorter in males than in females, so aGF.T/year can also be larger than aGF.F/year even if AGF. F is greater than AGF. T. Furthermore, selection could be implemented in both sexes to enhance genetic improvement in female reproductive traits.
While Land et al. (1979) have suggested that selection for increased testicular diameter would lead to earlier maturing individuals, their conclusions were based on results where diameter was adjusted for body weight. Neely et al. (1982) have shown that testicular measurements unadjusted for body weight have large positive genetic correlations with 205-and 365-d weights. Thus, the evidence of the present paper coupled with that of other experiments suggests that selection for increased testicular size, unadjusted for body weight, would be useful in improving female reproduction as well as sperm production traits (Coulter et al., 1976; Neely et al., 1982) and growth performance traits (Neely et al., 1982) .
A final point of interest concerns the procedures for handling censored data (Cohen, 1961) and the jackknife procedures (Efron, 1982) . Both procedures can be useful tools for animal scientists in statistical analysis of data. Certainly jackknife procedures contain useful qualities in estimating standard errors of genetic parameters. These procedures provide empirical estimates of standard errors. A frequency distribution (figure 2) of all the deviations from their respective mean estimate (i.e., ~ -~, equation 4) yielded an approximate normal CU rve.
Concern for censored data affecting correlations between testicular traits and certain age traits was apparently unfounded. Estimates of correlations after using the adjustments suggested by Cohen (1961) yielded results similar to those from nonadjusted data. Apparently, both the variance and the covariance were proportionately affected by the censored data, so that the correlations were not affected. This also supports the suggestion of Milagres et al. (1979b) that failure to calve is associated more with nongenetic than genetic factors. However, Cohen's methods could be useful in evaluating means and variances among groups for certain reproductive traits where some individuals do not exhibit the trait, e.g., age at first breeding or age at calving.
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